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Abstract 
The paper analyze a small power generating system that convert solar energy into electricity using an organic Rankine cycle. 
Solar thermal energy is stored at low temperature in a phase change material. The phase change material used is paraffin wax and 
the organic fluid is R134a. Was calculate the thermodynamic cycle and were established relationships to calculate the working 
agent mass flow and the necessary mass of phase change material, depending on the electric power produced. 
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1. Introduction 
Converting solar energy into electricity can be achieved in solar power plants whose operation is based on the 
classic water-steam Rankine cycle or organic Rankine cycle. Because solar radiation intensity is variable, depending 
on annual cycles, daytime and weather, solar power plants must include thermal energy storage systems.  
The first scientist who highlighted the need for solar energy storage, due to the solar radiation discontinuity, was 
Henry E. Willsie. Willsie build in 1904 the first solar power plants, equipped with flat solar collectors and thermal 
energy storage system [1].  
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The advantages of thermal energy storage systems compared with other energy storage systems, mechanical or 
chemical, consisting of low environmental impact, ease of use and low cost system because of its simplicity 
constructive [2]. There are three main ways to store solar thermal energy: sensible heat storage, latent heat storage 
and thermochemical heat storage [3], [4].  
For solar power plants that operate based on organic Rankine cycle, heat storage is done at low temperatures, 
often using latent heat storage. In latent heat storage systems, energy is stored during melting and restores during 
solidification of a phase change of a material [5]. Heat storage is based on the latent heat of the phase change 
material (e.g. paraffin wax, fatty acids, salt hydrate). 
The paper studies a micro power plant using solar heat storage at low temperature (55-60°) in paraffin wax. 
Stored heat is converted into electrical energy in an organic Rankine cycle whose working agent is R134a. In the 
literature there are few studies on the production of electricity in an organic Rankine cycle based on solar energy 
stored at very low temperature. Most applications propose solar heat storage at temperatures over 100°C [6]. 
Starting from the parameters of thermodynamic Rankine cycle, were established relationships to calculate the 
working agent mass flow and the necessary mass of paraffin wax, depending on the electric power. 
2. Solar power plant diagram and functional parameters  
Schematic diagram of the solar power plant is represented in Fig.1. Solar energy from solar collectors is stored in 
paraffin wax storage tank. The thermal energy stored in paraffin wax is transferred to the organic fluid through a 
heat exchanger. Inside the heat exchanger the organic fluid vaporizes. The vapors are expanded in the turbine, which 
drives the electric generator. The exit vapor is condensed in the condenser and the pump increases the pressure of the 
liquid fluid before vaporizer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Schematic diagram of the solar power plant based on organic Rankine cycle. 
The maximum temperature of the R134a vapors was adopted 50°C, depending on the paraffin wax melting range of 
55-60°C . The minimum temperature is 22°C, in order to provide cooling of the condenser. The pressure at the 
turbine inlet is 13,18 bar and the minimum pressure at condenser is 6,08 bar. Thermodynamic properties of R-134a 
were determined according to [7]. 
Specific heat received by organic fluid from paraffin wax to vaporize is q1= 192,42 kJ/kg. Specific heat 
discharged to the condenser is q2 = 180,51 kJ/kg. 
Specific energy produced by the turbine for 1 kg of working agent is 12,64 kJ/kg. The thermal efficiency of the 
cycle 6,19%. The values obtained for thermal efficiency are similar to those presented in the literature for organic 
Rankine cycle operating at low temperatures [8], [9]. 
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Because this power system is indented for households and small consumers, electrical power was considered in 
the range of 0.2 - 4.0 kW. 
 
3. Organic fluid massflow and phase change material mass calculus 
To determine the overall dimensions of the power plant should be determined organic fluid mass flow and 
necessary mass of the phase change material. 
The power produced by the turbine is calculated with equation: 
்ܲ ൌ ݉ሶ ή ்݁    [kW]  (1) 
Where :  ሶ݉  is the organic fluid mass flow [kg/s] ; 
      ்݁ is specific energy produced by the turbine for 1 kg of working agent [kJ/kg] . 
Electrical power produced by generator is: 
௘ܲ௟ ൌ ்ܲ ή ߟாீ    [kW]  (2) 
In Eq.(2)  ߟாீ represents the efficiency of the electric generator; was adopted value by 0,94. 
From the previous equations can determine the relationship of organic fluid mass flow calculation according to 
the electrical power:  
ሶ݉ ൌ ௉೐೗ఎಶಸή௘೅    [kg/s]       (3) 
An important aspect of the construction of this solar energy group is phase change material mass, which will 
influence the size dimensions of the storage tank. It is considered that solar heat is delivered to phase change 
material wax until it melts completely and the heat transferred to organic fluid is only the latent heat of 
solidification. 
Heat flow received by organic fluid during the time Ĳ is given by equation: 
ܳைி ൌ ߬ ή ݍଵ ή ሶ݉     [kJ]  (4) 
Heat flow delivered by phase change material in the same time period is: 
ܳ௉஼ெ ൌ ܳ௢௙ ߟ௦௖Τ     [kJ]  (5) 
ȘSC is heat exchange efficiency between phase change material and organic fluid, considered 0,8. 
On the other hand the heat from phase change material can be calculated using the equation: 
ܳ௉஼ெ ൌ ܯ௉஼ெ ή ݎ    [kJ]  (6) 
Where: MPCM   is mass of phase change material [kg]; 
              r  represents the latent heat of phase change material; for paraffin wax was considered 200 kJ/kg [10]. 
From Eq (4), (5), (6) can calculate the mass of phase change material in dependence on organic fluid mass flow: 
ܯ௉஼ெ ൌ ఛή௤భή௠ሶఎೄ಴ή௥        [kg]  (7) 
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Using Eq.(3) and Eq.(7) can be obtained the relationship of the mass of phase change material depending on 
electric power  
ܯ௉஼ெ ൌ ఛή௤భή௉೐೗௘೅ήఎಶಸήήఎೄ಴ή௥    [kg]  (8) 
From a practical standpoint, tank storage size and mass of phase change material must be adopted according to 
the average energy consumption of the user. Thus, we consider it is necessary to established a relationship allowing 
phase change material mass in dependence on a given amount of electricity. 
The relationship of phase change material necessary mass depending on electricity produced by power plant, Wel, 
is: 
ܯ௉஼ெ ൌ ଷ଺଴଴ή௤భήௐ೐೗௘೅ήఎಶಸήήఎೄ಴ή௥    [kg]  (9) 
4. Results 
Based on Eq (3) was calculated the required massflow of R134a in dependence on the electrical power produced 
by the generator. The results are shown as a graph in Fig 2. 
 
 
Fig. 2.  R134a necessary mass flow 
R134a mass flow range is from 0.017 kg/s for a power of 0.2 kW and 0.340[kg/s, for a power of 4.0 kW. 
For paraffin wax mass calculus were considered 3 values of operating time of the micro power plant: 
Ĳ = 3600 s (1 h) 
Ĳ = 7200 s (2 h) 
Ĳ = 10800 s (3 h) 
Results are presented in Fig.3. 
Choosing electricity produced in range 0.5 to 12 kWh, was calculated with Eq.(9) paraffin wax necessary mass. 
The results are shown in the graph of Fig.4. From the graph represented in Fig. 4 can determine the mass of paraffin 
wax according to the average energy consumption. For example, a one family house has an average electricity 
consumption of 2 kWh/day. The mass of the paraffin wax should be 736 kg. 
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5. Conclusions 
The obtained results demonstrate that it is possible to produce electricity in power plants with solar heat storage 
at low temperature.Eq. (8) and Eq. (9), allowing the calculation of the mass of paraffin wax on the electric power or 
electricity needed, it can be generalized to any type of phase change material used in latent heat storage and every 
type of working fluid used in organic Rankine cycle.  
From a practical standpoint phase change material mass be as small as possible to minimize the investment and 
the overall dimensions of the power plant. 
The ratio of the amount of heat introduced into the cycle and energy produced by the turbine per kg of working 
agent should be as small.  
 
 
Fig. 3. Paraffin wax mass in dependence on R134a mass flow and time 
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Fig. 4. Paraffin wax mass in dependence on energy 
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